with varying doses of human or porcine growth hormone (GH) as well as with ACTH for 6 or 12 days. I-Iypophyseetomy was performed in animMs of 80 or i7O g body weight either 12 or 4 weeks prior to the onset of the therapy. Increase in weight and the width of the epiphyseal cartilage were determined, insulin secretion and biosynthesis of proinsulin and insulin were investigated in isolated pancreatic islets of the animals. --No differences were found between the effects of human and porcine GIt preparations. Weight gain was similar in rats which had been hypophysectomized at a weight of 80 g either 12 or 4 weeks prior to the substitution. Secretion and biosynthesis of insulin which were both found to be reduced in isolated islets of untreated, hypophysectomized rats, were improved or normalized after substitutioll with Gtt (i mg/kg/day) for 12 days. On the other hand, a therapy with GH for 6 days, even in tenfold daily dose (i0 mg/kg), was ineffective in all rats which had been hypophysectomized at a weight of 80 g. Normalisation of lowered levels of blood sugar was the only positive effect observed after an administration of ACTH for 6 or 12 days. --It appears from our findings that, in contrast to the administration of ACTI-I, GI-I given to hypophyseetomized rats for a longer period in relatively low doses may normalize both reduced secretion and biosynthesis of insulin.
Hypophysectomy in rats results in both reduced secretion and biosynthesis of proinsulin and insulin from their isolated pancreatic islets as shown previously [13] . These defects, however, depend on age or weight of the animals as well as on the interval following hypophysectomy. This paper deals with the influence of duration and doses of substitution with growth hormone and cortieotrophin (ACTH) on insulin secretion and synthesis of proinsulin and insulin in vitro in isolated pancreatic islets of hypophysectomized rats. As parameters of the hormonal actions in vivo, body weight, width of the epiphyseai cartilage and blood glucose were evaluated. In addition to growth hormone, ACTtt was chosen as second hormone of the anterior pituitary gland since it has been described as being effective on secretion of insulin in vitro [13] .
Furthermore --in contrast to thyrotrophin --a highly purified form of this hormone was available in the amounts required for an administration of longer &tration.
Material and Methods
t~ats, experimental conditions and hypophyseetomy were the same as described before (13) . From a total of 55 successfully hypophysectomized rats, 38 animals were * Alexander yon Humboldt-Fellow 1970 --1972 . H. S. was on leave from the 2nd Medical Clinic, University of Vienna, Austria. ** Supported by Deutsche Forschungsgemeinschaft, Bonn-Bad Godesberg, SFB Ulm 87, Proj. t 1.
submitted to substitution therapy prior to investigation. Table 1 gives the charaeterisation and distribution of the 38 rats into 4 groups, which correspond to the 4 groups of part I.
Growth hormone was prepared in our own laboratory from pituitary glands frozen at --25~ immediately following removaP, t~ats of group I and II received human growth hormone [ 15] , rats of group III and IV growth hermone of porcine origin [ 16] . In a modified tibia test (Baetzner, Fehm, Voigt, Sehleyer and Pfeiffer, 1972), both growth hormone preparations proved to be of approximately the same biologic activity. In this test, the maximum effects were observed with a daily dose of 1 mg/kg body weight. Growth hormone was injected intraperitoneally in daily doses of 1 or 10 mg/kg for 6 or 12 days. From 3 animals receiving 25 mg/kg/day, 2 were found dead 12 h after the first injection.
Corticotrophin (porcine ACTH (1--39), Isaetid | Ferring Arzneimittel GmbH, Dfisseldorf, Germany, 1 mg H 150 mU) was administered intraperitoneally in a total daily dose of 3 U/kg body weight. This hormone was injected twice daily for 6 or i2 days (table 1) .
Both hormones were administered in 0.5 ml of phosphate buffer, 0.1 M, pH 6.6.
In addition to the determination of the weight, the width of the epiphyseal cartilage of the tibia was estimated in rats of group III according to Baetzner et al. [1] .
Serum glucose was determined by the hexokinase method [17] , using the Biochemica test combination (Boehringer Mannheim, Germany).
For the studies of insulin secretion batches of 5 isolated pancreatic islets each were incubated for 1 h in 1 ml of b~fffered medium at glucose concentrations of 50 and 300 rag%. Secretion of insulin was also determined during the 3 h incubation period carried out to study the synthesis 1 Human as well as porcine growth hormone was prepared and kindly donated by Dr. M. Schleyer. of insulin. Biosynthesis of insulin was estimated from the incorporation of 3H-leucine into the proinsulin and insulin fraction of 25 islets each during an incubation period of 3 h at 50 or 300 rag% glucose. The isolation of the pancreatic islets and the studies on secretion and biosynthesis of insulin were performed exactly as described elsewhere [13] . All experiments were started at 8.00h on the morning following the day of the last hormone injection.
Blood glucose (mean values of rats from MI 4 groups • SEM) in intact controls amounted to 113.6 rag% 4.0. Following hypophysectomy, it was significantly (p~0.01) reduced to 95.4 mg% ~5.6. With growth hormone, a normalisation was obtained only after treatment for 12 days (113.4 mg%~=8.9). Administration of ACTtI was also effective (106.0 ~ 7.3).
Results

Insulin secretion
Growth
Substitution with growth hormone increased body weight in all 4 groups of hypophysectomized rats ( Table 1) . In this respect, the interval following hypophysectomy (12 or 4 weeks) had no particular influence provided that the animals were of the same weight (ca. 80 g) at the term of hypophysectomy. On the other At 50 mg% glucose, insulin levels determined in the media after incubation of batches of 5 isolated islets each were found to be within the same range in all groups and subgroups (60--80 9U/ml). Differences between the subgroups existed, however, in the secretion of insulin after stimulation with 300 rag% glucose ( Fig. 1 ): In rats which had been hypophysee- of the dose hand, increase in body weight in rats of group IV, which had been hypophysectomized at a weight of 170 g, was relatively lower. Human as well as porcine growth hormone (1 mg/kg/day) showed similar effects on growth in hypophysectomized rats (group II and III). The tenfold increased daily dose of growth hormone was not more effieatious than the lower dose (group III).
The width of the epiphyseM cartilage (mean values of group III) in hypophysectomized, untreated rats amounted to 145 ~m. After administration of growth hormone for 6 days, it was found to be 243 and 266 9m (1 and 10 mg/kg/day, respectively), after 12 days (1 mg/kg/day) 240 ~m. On the other hand, following administration of ACTI-I for 12 days, the epiphyseal width measured 135 ~m.
tomized at a weight of 80 g (groups I, II and III), pretreatment with growth hormone for 6 days in both low and high dosage (1 or 10 mg/kg/day) did not increase insulin secretion which had been reduced after hypophyseetomy. On the other hand, normalization was observed in these 3 groups after a substitution for 12 days (1 mg/kg/day). In rats which had been hypophysectomized at a weight of 170 g (group IV), however, this normalization had already been reached after 6 days of substitution. Treatment with ACTI-I for either 6 or 12 days did not improve the response of isolated islets to glucose administration.
Estimation of insulin secretion during the studies of insulin biosynthesis was in agreement with these results (Fig. 2) . It can be seen in Fig. 2 that growth hormone administration for 12 days did not only improve the amount but also the rate of insulin release.
Insulin biosynthesis
At a glucose concentration of 50 rag% incorporation of aH-leueine into proinsnlin and insulin was very low. No significant differences were observed between also ineffective. In islets obtained from animals of group IV, however, a significant increase of leucine incorporation was observed after 6 days of treatment (1 mg/kg/day). On the other hand, administration of (I--IV) of hypophysectomized rats before and after substitution with growth hormone GH (mg/kg/day) and ACTH for 6 or 12 days (d). Control rats were of both same age and weight. Mean values of 3--6 experiments any of the groups of animals. In the presence of 300 mg~o glucose the incorporation of radioactivity, reduced after hypophysectomy, was not improved after treatment with growth hormone for 6 days in group I--III. The large doses of 10 mg/kg/day were growth hormone for 12 days (i mg/kg/day) improved the incorporation of radioactivity into the proinsulin and insulin fraction (group III and IV). In group IV, there were no longer significant differences with normM control rats (Fig. 3) .
Insulin content No significant changes in the insulin content of the isolated islets were observed in any group or subgroup during the course of therapy.
with growth hormone. From the results in rats of group IV it appears that pituitary ablation leads to less severe disturbances when it is performed in later life. As regards insulin biosynthesis, however, final Fig. 3 . Radioactivity incorporated into proinsulin (P) and insulin (I) after incubation of 25 isolated pancreatic islets in the presence of 300 mg% glucose and 3H-leucine for 3 h. Fraetionation of the islet proteins on a Sephadex G 50 fine column, 0.9 • 55era, fractions of 1 ml. Immunologically measurable insulin was determined both in each fraction and in the pooled peaks. Radioactivity was compared based on the insulin content of the islets. Results obtained in hypophyseetomized rats (group III and IV) before and after substitution with growth hormone (GI-I) for 6 days (1 or 10 mg/kg/day) and 12 days (1 mg/kg/day). Mean values of 3--6 experiments
Discussion
In hypophysectomized rats, human as well as porcine growth hormone were similarily effective on body weight. It appears from our results that, as no differences existed between daily doses of 1 and 10 mg/kg, it is the duration of substitution rather than the total dose administered, which is of significance in relation to the effect on growth. On the other hand, the interval following hypophysectomy (12 or 4 weeks) had no influence on the growth response to this hormone. In clinical analogy, hypopituitary dwarfs with unealcified epiphyseal cartilages respond to an adequate substitution of growth hormone even late in life.
Genuine growth of the skeleton due to administration of growth hormone was shown on the epiphyseal cartilage of the tibia. No quantitative differences with regard to dose and duration of substitution were, however, demonstrable.
The improvement of secretion and biosynthesis of insulin in isolated islets was also found to be highly dependent on the duration of the substitution with growth hormone. For normalisation, a prior substitution of relatively long duration was necessary. This finding is in agreement with previous observations (in vivo) on insulin secretion in dogs [11] and on glucose tolerance in rats [10] . 9 and 6 however, described positive effects in vitro after only 3 or 4 days of substitution interpretation of our labelling experiments awaits studies on the intraeellular leueine pool under the various conditions.
The fact that no change in insulin content was observed after substitution with growth hormone might be ascribed to the use of isolated islets for our experiments [13] .
In studies on the liver [5, 2] and muscle tissue [3, 4, 7] it has been demonstrated that hypophyseetomy reduces protein synthesis, which can be restored to normal by substituting growth hormone to the animal or by addition of growth hormone to the incubation medium. Therefore, the question arises as to whether our findings concerning insulin biosynthesis merely reflect the effects of growth hormone on protein synthesis in general. Since procedures for extraction of insulin were not included in our experiments, the first radioactivity peak eluting with the void volume of the Sephadex column represented the islet proteins differing from proinsulin, insulin and also differing from material reacting with antibodies to glueagon (unpublished results). Incorporation of 3H-leucine into the first peak was found to be increased to 180--200~/o at a concentration of 300 mg% glucose as compared with the values at 50mg~o glucose [14] . Changes in radioactivity of the first protein peak after hypophyseetomy or substitution were almost in parallel with the changes of the proinsulin and insulin peak. I-Iowever, contamination of the islet preparation with acinar tissue results in increased radioactivity of this first peak. In addition, a second peak appears, eluting between the first peak and proinsulin. That it is aeinar tissue which may also account for such a second peak, has been proved by ffactionating exoerine pancreatic tissue which had been incubated in the absence of islets. Therefore, as regards the first peak, conclusions concerning protein synthesis in general should be drawn with caution, so that the question cannot definitely be answered whether biosynthesis of insulin is specifically influenced by growth hormone or not. However, in our studies we found that secretion of insulin was improved or normalized by the administration of growth hormone. As it was the secretion of insulin which was first increased it can be concluded that improvement of insulin secretion was not a consequence of improved synthesis of insulin. On the other hand, a relationship between glucosestimulated secretion and synthesis of insulin is evident. Thus, growth hormone appears to influence the pancreatic B-cell by maintaining its sensibility to glucose both with regard to secretion and biosynthesis of insulin.
Administration of ACTK was effective only in vivo : an increase of lowered levels of blood sugar was found. This may be ascribed to its action on the adrenal cortex [12, 8] . No effects were observed in vitro. Although the possibility that ACTtt was administered in an inadequate mode or dose cannot be ruled out, it might be assumed that ACTK, unlike growth hormone, has no direct long-term effect on the function of the pancreatic B-cell.
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